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DYNAMIC BEACON RATES AND FIXED AD
HOC MODES IN AD HOC NETWORKS

FIELD OF THE INVENTION

The present invention generally relates to systems and
methods for wireless communication and more specifically
relates to systems and methods for improving performance of
clients in ad hoc wireless networks.

BACKGROUND

IEEE 802.11 is a set of standards for implementing wire-
less local area networks (WLANs). Depending on which
standard is employed, such as IEEE 802.11b, 802.11g, or
802.11n, IEEE 802.11 networks commonly operate in the 2.4,
3.6, and 5 GHz frequency bands. IEEE 802.11 divides the
frequency bands into channels; for example, the 2.4000-
2.4835 GHz band, utilized in IEEE 802.11b and 802.11g
networks, is divided into 13 channels spaced 5 MHz apart,
with channel 1 centered on 2.412 GHz and 13 on 2.472 GHz.
Inan 802.11b network, which utilizes 22 MHz channels, only
three channels in the 2.4 GHz band do not overlap—channels
1, 6, and 11. In an 802.11g network, which utilizes 20 MHz
channels, there are four non-overlapping channels: 1, 5, 9 and
13.IEEE 802.11 specifies two network modes, infrastructure
mode and ad hoc mode. In the ad hoc mode, clients connected
to the same WLAN communicate directly with other peers on
the same WLAN to form a peer-to-peer network. In the infra-
structure mode, one or more network infrastructure devices,
such as wireless access points or wireless routers, are respon-
sible for broadcasting the network; clients then connect to the
network infrastructure devices to form a network and the
clients communicate with each other through the network
infrastructure devices.

IEEE 802.11 standards define frame types for data trans-
mission, management, and connection control of connections
in the WLAN. A beacon frame is a management frame con-
taining information about the WLAN. Beacon frames are
transmitted periodically to announce the presence of a
WLAN, transmitted periodically to announce the presence of
a WLAN. Beacon frames in 802.11 networks contain infor-
mation about the sender and the recipient of the beacon frame
along with a variety of network information including the
beacon interval, a timestamp, a service set identifier (SSID)
identifying the network, a description of the data rates avail-
able on the network, information concerning the signaling
methods utilized in the network, the capability information of
the network, and in some beacon frames, a traffic indication
map. In ad hoc networks, each network client, also known as
a peer, generates beacon frames. The time between beacon
frame transmissions is known as the beacon interval. In an ad
hoc network, one peer configures itself to send the beacon
frame. After receiving a beacon frame, the other peers wait for
the beacon interval and then broadcast a beacon frame if no
other station has done so within the beacon interval plus a
random amount of additional time, ensuring that at least one
peer will send a beacon frame and that the beacon frame
transmission responsibilities are shared amongst the peers in
a WLAN. In an infrastructure network, the network infra-
structure devices are responsible for transmitting beacon
frames. In the event that the network infrastructure devices
are unavailable, the network is inaccessible to network cli-
ents.

SUMMARY OF THE INVENTION

Systems and methods for dynamic beacon rates and fixed
ad hoc modes in ad hoc networks in accordance with embodi-

10

20

40

45

65

2

ments of the invention are disclosed. In one embodiment of
the invention, an ad hoc wireless network includes a plurality
of peers configured to form an ad hoc network, where a peer
comprises an antenna, an analog front end, a processor, bea-
con frame storage configured to store beacon frames, wherein
the plurality of peers are configured to transmit and receive
beacon frames, where the beacon frames identify an ad hoc
wireless network, wherein one or more of the plurality of
peers is configured to be fixed in a host mode, wherein one or
more of the plurality of peers is configured to be fixed in a
client mode, wherein the one or more peers in host mode are
configured to transmit beacon frames, where the beacon
frames identify an ad hoc wireless network, and wherein a
peer not connected to an ad hoc wireless network does not
transmit beacon frames when in client mode.

In another embodiment of the invention, a peer not con-
nected to the ad hoc network is configured to receive a beacon
frame and connect to the ad hoc network using information
from the beacon frame and the peer is configured to transmit
beacon frames after connecting to the ad hoc wireless net-
work.

In an additional embodiment of the invention, the plurality
of peers are configured to adjust their beacon rate utilizing a
network beacon rate determined utilizing received beacon
frames.

In yet another additional embodiment of the invention, the
determined network beacon rate is the highest network bea-
con rate.

In still another additional embodiment of the invention, the
adjusted beacon rate is higher than the determined network
beacon rate.

Inyet still another additional embodiment of the invention,
the adjusted beacon rate is equivalent to the determined net-
work beacon rate.

In yet another embodiment of the invention, the adjusted
beacon rate is lower than the determined network beacon rate.

In still another embodiment of the invention, each of the
plurality of peers include a beacon interval storage configured
to store a beacon interval, wherein the plurality of peers are
configured to adjust the stored beacon interval based upon
received beacon frames.

Inyetstill another embodiment of the invention, the beacon
interval is contained in a received beacon frame.

In yet another additional embodiment of the invention, the
beacon interval is determined by measuring the time between
receiving a first beacon frame and a second beacon frame.

In still another additional embodiment of the invention, the
adjusted beacon interval is longer than a network beacon rate
determined utilizing the received beacon frames.

Inyet still another additional embodiment of the invention,
the adjusted beacon interval is shorter than a network beacon
rate determined utilizing the received beacon frames.

In yet another embodiment of the invention, the adjusted
beacon interval is infinite.

Still another embodiment of the invention includes
dynamically adjusting the beacon rate of a peer in an ad hoc
network, including receiving beacon frames using a peer,
storing beacon frames using the peer, determining the net-
work beacon rate using the peer, adjusting the beacon rate
stored using the peer, and transmitting a beacon frame using
the peer when a beacon frame is not received during a period
of time greater than the adjusted beacon rate.

In yet another additional embodiment of the invention, the
determined network beacon rate is the highest network bea-
con rate.
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In still another additional embodiment of the invention, the
adjusted beacon rate is higher than the determined network
beacon rate.

Inyet still another additional embodiment of the invention,
the adjusted beacon rate is equivalent to the determined net-
work beacon rate.

In yet another embodiment of the invention, the adjusted
beacon rate is lower than the determined network beacon rate.

Still another embodiment of the invention includes
dynamically adjusting the beacon rate of a peer in an ad hoc
network, including receiving beacon frames using the peer,
storing beacon frames using peer, determining the network
beacon rate using the peer, adjusting the beacon interval using
the peer, and maintaining a connection to other peers con-
nected to the ad hoc wireless network during the adjusted
beacon interval.

In yet another additional embodiment of the invention, the
adjusted beacon interval is longer than the determined net-
work beacon rate.

In still another additional embodiment of the invention, the
adjusted beacon interval is shorter than the determined net-
work beacon rate.

Inyet still another additional embodiment of the invention,
the adjusted beacon interval is infinite.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a system for an ad hoc wireless
network in accordance with an embodiment of the invention.

FIG. 2 is a diagram of an ad hoc client in accordance with
an embodiment of the invention.

FIG. 3 is a flow chart illustrating a process for dynamically
adjusting the beacon rate for an ad hoc client in accordance
with an embodiment of the invention.

FIG. 4 is a flow chart illustrating a process for emulating an
infrastructure WLAN utilizing fixed ad hoc modes in accor-
dance with an embodiment of the invention.

DETAILED DESCRIPTION

Turning now to the drawings, systems and methods for
dynamic beacon rates and fixed ad hoc modes in ad hoc
networks are illustrated. Although ad hoc networks allow
peers to quickly find each other and transfer data, there are
several issues that limit the effectiveness of ad hoc networks
in practice. First, when beacon frames are not transmitted in
expected beacon intervals, peers may drop off an ad hoc
network and become invisible to other peers in the ad hoc
network. This dropping off of peers in an ad hoc network is
particularly prevalent when creating ad hoc networks of
devices from a variety of manufacturers. When peers in an ad
hoc network are invisible to other peers in the network, the
effectiveness of the ad hoc network is diminished or elimi-
nated.

In many applications, it is desirable to create an ad hoc
network in locations where network infrastructure is unavail-
able. In these ad hoc networks, it is often useful to have
specific devices act as “hosts” for the ad hoc network. Host
clients are responsible for broadcasting beacon frames indi-
cating the presence ofthe ad hoc network. In ad hoc networks,
if a peer in client mode does not detect a host peer, the peer in
client mode will switch to host mode. This can cause confu-
sion in the ad hoc network as other peers in client mode may
connect to a peer in host mode which is not intended to be a
peer in host mode, limiting the effectiveness of the ad hoc
network. In accordance with the invention, having peers fixed
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in host mode or client mode can reduce the effect of this
limiting behavior, improving performance of the ad hoc net-
work.

These limitations of ad hoc networks can be overcome
utilizing dynamic beacon rates and fixed ad hoc modes. In a
number of embodiments, peers analyze the beacon frame
activity of an ad hoc network and dynamically adjust their
beacon rate. In many embodiments, peers have a fixed host or
client mode defining their role in an ad hoc network. Systems
and methods for dynamic beacon rates and fixed ad hoc
modes in ad hoc networks in accordance with embodiments
of the invention are discussed below.

Ad Hoc Wireless Network

An ad hoc network of devices in accordance with an
embodiment of the invention is illustrated in FIG. 1. The ad
hoc network 100 includes a wireless network 110 created by
a plurality of peers connecting to each other. Peers include
devices such as smartphones 120, personal computers 122,
smart devices 124, tablets 126, and laptops 128. In several
embodiments of the invention, peers include any device
capable of creating an ad hoc network amongst them. In a
number of embodiments, the wireless network 110 is an IEEE
802.11 network. In other embodiments, any of a variety of
appropriate ad hoc networking protocols can be utilized to
communicate between peers in the ad hoc network.

Although a specific architecture for an ad hoc network is
illustrated in FIG. 1, any variety of peer devices and network-
ing technologies may be utilized to create ad hoc networks in
accordance with embodiments of the invention. Systems and
methods for implementing a peer device for use in an ad hoc
network in accordance with embodiments of the invention are
discussed further below.

Ad Hoc Peers

Ad hoc networks are created by peers transmitting beacon
frames, which are received by other peers, which connect to
the network identified by the transmitted beacon frames,
forming an ad hoc network. A peer in an ad hoc network in
accordance with an embodiment of the invention is illustrated
in FIG. 2. A peer 200 contains an antenna 210. In many
embodiments of the invention, the antenna is tuned to trans-
mit and receive signals based on an IEEE 802.11 standard.
The antenna is connected to an analog front end 212. The peer
further contains a processor 214. In many embodiments, the
analog front end is implemented utilizing the processor 214.
In many embodiments, the peer 200 supports a low-power
operating mode.

In several embodiments, the peer 200 contains storage 216.
In a number of embodiments, the processor 214 is configured
to receive and store data utilizing the storage 216. In several
embodiments, the stored data includes information utilized to
participate in an ad hoc network, such as network beacon rates
and the SSID of the network. In many embodiments, the
processor 214 is connected to a display capable of displaying
information. In a number of embodiments, the processor 214
is connected to an input device 220, such as a touchscreen,
keyboard, and/or mouse. In many embodiments, the input
device 220 is a sensor capable of collecting information. The
processor is connected to a plurality of input devices 220 in
several embodiments of the invention.

Although a specific architecture for a peer in an ad hoc
network is shown in FIG. 2, other implementations appropri-
ate to specific applications can be utilized in accordance with
embodiments of the invention. Methods of operation of peers
in an ad hoc network in accordance with embodiments of the
invention are discussed further below.
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Dynamically Adjusting Beacon Rates

Peers in an ad hoc network with fixed beacon rates are
prone to dropping off the ad hoc network when other peers
utilize a different (higher) beacon rate. If there is any mis-
match in the rate at which ad hoc peers transmit beacon
frames at, the ad hoc peers transmitting beacon frames at
slower rates are likely to drop off the ad hoc network. In
accordance with an embodiment of the invention, this prob-
lem can be limited by dynamically determining a beacon rate
based on the beacon rates used by the other peers in the ad hoc
network in the beacon frames received by the peer. A method
for dynamically determining beacon rates in accordance with
an embodiment of the invention is illustrated in FIG. 3. The
method 300 includes receiving (310) a beacon frame. The
network beacon rate is determined (312). In several embodi-
ments, the network beacon rate is determined (312) utilizing
one or more beacon frames. In many embodiments, the net-
work beacon rate (312) is determined by averaging the rate at
which beacon frames are received from an ad hoc peer. In a
number of embodiments, the peer adjusts (314) its beacon
rate. In many embodiments, the adjustment (314) of the bea-
con rate utilizes the network beacon rate. In several embodi-
ments, the beacon interval is varied (316). In a number of
embodiments, the varying (316) of the beacon interval uti-
lizes the network beacon rate.

The adjustment (314) of the beacon rate involves a variety
of factors, including balancing the transmission rate of other
peers with the transmission rate of the peer dynamically
adjusting its beacon rate. In a number of embodiments, other
peers may be peers in host mode or peers in client mode. In
many embodiments, it is desirable to adjust (314) the beacon
rate so that the peer remains visible to other peers while not
broadcasting so many beacon frames as to drown out the other
peers. In several embodiments, the adjustment (314) of the
beacon rate includes power management concerns. In a num-
ber of embodiments, the beacon rate is adjusted (314) to be
equivalent to, or slightly higher or lower than, the most fre-
quent beacon rate on the network. In several embodiments,
varying (316) the beacon rate interval involves adjusting the
beacon interval based on the frequency that a given peer is
expected to broadcast abeacon frame. In many embodiments,
the beacon interval may be effectively infinite. In a number of
embodiments, the beacon interval is determined by recoding
the lowest beacon interval from an ad hoc peer over a period
of time, such as five minutes. In several embodiments, the
beacon interval is an integer fraction of one second.

Although a method for dynamically determining beacon
rates in accordance with an embodiment of the invention is
discussed above, a variety of methods for dynamically deter-
mining beacon rates may be utilized in accordance with
embodiments of the invention. Methods for fixing ad hoc
modes in accordance with embodiments of the invention are
discussed below.

Emulating Infrastructure Networks Utilizing Fixed Ad Hoc
Modes

Many situations exist where an infrastructure WLAN is
desired; however, the necessary hardware to support an infra-
structure WLAN does not exist in that location. A process for
emulating an infrastructure WLAN utilizing an ad hoc net-
work is illustrated in FIG. 4. The process 400 involves deter-
mining (410) the desired mode for a peer. In a number of
embodiments, peers are in either host mode or client mode. In
many embodiments, peers in host mode broadcast beacon
frames announcing the ad hoc network; peers in client mode
listen for beacon frames and connect to the announced ad hoc
network when the beacon frames are received. The mode is
fixed (412). In several embodiments, fixing (412) the mode
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prohibits the peer from changing its mode from client mode to
host mode or vice versa. A WLAN is joined (414). In many
embodiments, peers in client mode connect to peers in host
mode. In several embodiments, the WLAN utilizes an IEEE
802.11 standard.

One issue with ad hoc networks is when peers are in host
mode, peers in client mode may connect to the peers in host
mode. However, when emulating an infrastructure WLAN, it
is desirable to have certain peers always act as hosts in order
to present a consistent network experience to all peers in
client mode. In many embodiments, fixing (412) modes of
peers limits peers in client mode from switching to host mode.
This helps peers in client mode join (414) the correct wireless
network broadcast by the peers in host mode, and avoids the
situation that might otherwise occur in which a peer in client
mode switches to host mode creating multiple ad hoc net-
works with the same name. In a number of embodiments, a
peer in client mode is configured to transmitting beacon
frames once a WL AN is joined (414).

A specific process for emulating an infrastructure WLAN
utilizing fixed ad hoc modes is described above; however, a
variety of processes, including those with other peer modes
and those networks not based on an IEEE 802.11 standard,
could be utilized in accordance with embodiments of the
invention. Although the present invention has been described
in certain specific aspects, many additional modifications and
variations would be apparent to those skilled in the art. It is
therefore to be understood that the present invention may be
practiced otherwise than specifically described. Thus,
embodiments of the present invention should be considered in
all respects as illustrative and not restrictive. Accordingly, the
scope of the invention should be determined not by the
embodiments illustrated, but by the appended claims and
their equivalents.

What is claimed is:
1. An ad hoc wireless network, comprising:
a plurality of peers directed to form an ad hoc network,
where a peer comprises an antenna, an analog front end,
a processor, and beacon frame storage directed to store
beacon frames;
wherein a peer in the plurality of peers:
receives beacon frames, where the beacon frames iden-
tify an ad hoc wireless network;
determines a network beacon rate of the ad hoc network
based on a rate at which beacon frames are received;
transmits beacon frames based on the network beacon
rate of the ad hoc network; and
wherein at least one peer in the plurality of peers has a
beacon rate that differs from a beacon rate for a second
peer in the plurality of peers;
wherein one or more of the plurality of peers is directed to
be fixed in a host mode that prohibits a peer from chang-
ing its mode from host mode to client mode;
wherein one or more of the plurality of peers is directed to
be fixed in a client mode that prohibits a peer from
changing its mode from client mode to host mode;
wherein a peer in the one or more peers is directed to
transmit beacon frames by:
dynamically adjusting its beacon rate based on beacon
frame activity of the ad hoc network;
determining a beacon interval based on the adjusted
beacon rate;
waiting a time period calculated based on the beacon
interval; and
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when a beacon frame has not been received during the
calculated time period, transmit at least one beacon
frame based on the adjusted beacon rate;

wherein the peers in the plurality of peers not connected to

an ad hoc wireless network do not transmit beacon
frames when in client mode; and

wherein a peer in client mode that is not connected to the ad

hoc network is directed to receive a beacon frame and
connect to the ad hoc network using information from
the beacon frame.

2. The ad hoc wireless network of claim 1, wherein the
peers in client mode are directed to transmit beacon frames
after connecting to the ad hoc wireless network.

3. The ad hoc wireless network of claim 1, wherein the
plurality of peers are directed to adjust their beacon rate
utilizing the network beacon rate determined utilizing
received beacon frames.

4. The ad hoc wireless network of claim 3, wherein:

the determined network beacon rate is the highest network

beacon rate.

5. The ad hoc wireless network of claim 3, wherein the
adjusted beacon rate is higher than the determined network
beacon rate.

6. The ad hoc wireless network of claim 3, wherein the
adjusted beacon rate is equivalent to the determined network
beacon rate.

7. The ad hoc wireless network of claim 3, wherein the
adjusted beacon rate is lower than the determined network
beacon rate.

8. The ad hoc wireless network of claim 1, wherein each of
the plurality of peers include a beacon interval storage
directed to store a beacon interval, wherein the plurality of
peers are directed to adjust the stored beacon interval based
upon received beacon frames.

9. The ad hoc wireless network of claim 8, wherein the
beacon interval is contained in a received beacon frame.

10. The ad hoc wireless network of claim 8, wherein the
beacon interval is determined by measuring a time period
between receiving a first beacon frame and a second beacon
frame.

11. The ad hoc wireless network of claim 8, wherein the
adjusted beacon interval is longer than a network beacon
interval determined utilizing the received beacon frames.

12. The ad hoc wireless network of claim 8, wherein the
adjusted beacon interval is shorter than a network beacon
interval determined utilizing the received beacon frames.

13. A method for dynamically adjusting a beacon rate of a
peer in an ad hoc network, comprising:
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receiving beacon frames using a peer, where:

apeer not connected to the ad hoc network is configured
directed to receive a beacon frame and connect to the
ad hoc network using information from the beacon
frame;

a peer directed to be fixed in a host mode is prohibited
from changing its mode from host mode to client
mode;

a peer directed to be fixed in a client mode (i) is prohib-
ited from changing its mode from client mode to host
mode and (ii) when not connected to an ad hoc wire-
less network, does not transmit beacon frames when
in client mode:

determining a network beacon rate of an ad hoc network

based on a rate at which beacon frames are received

using the peer;

adjusting a beacon rate to calculate an adjusted beacon rate

based on the network beacon rate using the peer;

determining a beacon interval based on the adjusted beacon
rate;

transmitting at least one beacon frame based on the

adjusted beacon rate using the peer when a beacon frame
is not received during a period of time greater than the
beacon interval of the adjusted beacon rate, where the
peer transmits beacon frames after connecting to the ad
hoc wireless network and the peer transmits beacon
frames by:

waiting a time period calculated based on the beacon
interval of the adjusted beacon rate; and

when a beacon frame has not been received during the
calculated time period, transmit at least one beacon
frame based on adjusted beacon rate.

14. The method of claim 13, wherein:

the determined network beacon rate is the highest network

beacon rate.

15. The method of claim 13, wherein the adjusted beacon
rate is higher than the determined network beacon rate.

16. The method of claim 13, wherein the adjusted beacon
rate is equivalent to the determined network beacon rate.

17. The method of claim 13, wherein the adjusted beacon
rate is lower than the determined network beacon rate.

18. The method of claim 13, further comprising maintain-
ing a connection to the other peers connected to the ad hoc
wireless network during the beacon interval.

19. The ad hoc wireless network of claim 1, wherein
dynamically adjusting a beacon rate comprises averaging a
rate at which beacon frames are received from an ad hoc peer.
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